ABSTRACT A blinded laboratory evaluation compared the accuracy, sensitivity, and speciÞcity of an in situ enzyme immunoassay (EIA), VecTest wicking assay, and reverse transcription-polymerase chain reaction (RT-PCR) to detect and distinguish West Nile (WN) and St. Louis encephalitis (SLE) viruses in pools of 50 mosquitoes. Adult female Culex tarsalis Coquillett were inoculated with either WN or SLE viruses, held for 0 Ð11 d at 28ЊC, killed by freezing, and then were added to 49 or 48 uninfected mosquitoes to make up 14 pools positive for WN virus, 14 positive for SLE virus, 14 positive for both WN and SLE viruses, and 14 negative for virus. Pools were number coded and tested blindly. Virus was not detected in known negative pools. VecTest and RT-PCR assays were comparably sensitive and accurate, detecting virus in pools containing females held for 3 d postinoculation; only RT-PCR detected SLE virus in pools on days 0 Ð1. The VecTest and RT-PCR produced a single false-positive result for WN and SLE, respectively. RT-PCR detected RNA in samples positive by the VecTest, indicating that the detergent in the wicking buffer did not prevent RT-PCR from conÞrming VecTest results. Detector antibodies used in the in situ EIA cross-reacted between SLE and WN viruses, reducing accuracy. Both the VecTest and RT-PCR provided rapid and speciÞc results, but they detected only those viruses known to be present. Plaque assay on Vero cells was comparably sensitive and had the added beneÞt of detecting newly emerging viruses, but this method required virus culture followed by identiÞcation, thereby delaying reporting.
WEST NILE (WN) AND ST. LOUIS encephalitis (SLE) viruses are closely related arboviruses within the Japanese encephalitis serocomplex of the genus Flavivirus, family Flaviviridae. The western spread of WN virus, the associated requirement for extended surveillance, and potential difÞculties in diagnostics separating WN and SLE viruses prompted us to evaluate our current and new protocols. Our laboratory screens Ϸ5,000 Ð10,000 pools of mosquitoes per year for infection with WN, SLE, and western equine encephalomyelitis viruses (WEE, Alphavirus, Togaviridae) (Hui et al. 2003) by using an in situ enzyme immunoassay (EIA) in 96-well plate format (Graham et al. 1986 ). Recently, several local agencies in California have purchased VectTest kits (http://www.nwmadil.com/ vectest_info.html) to test mosquito pools, and the California Department of Health Services plans to use the VecTest to test buccal swabs from dead corvids, if the current necropsy and RNA assay system becomes overburdened. The VecTest is a modiÞcation of the antigen-capture EIA (Tsai et al. 1987 ) that uses monoclonal antibodies bound to nitrocellulose strips to detect WN and SLE by using a wicking assay. This test has been reported to be speciÞc, but it is less sensitive than plaque assay or reverse transcription-polymerase chain reaction (RT-PCR) (Nasci et al. 2002 , Lindsay et al. 2003 , Ryan et al. 2003 . ConÞrmation of VecTest results done by local agencies will be critical in ensuring quality control. The current research compares the accuracy, sensitivity, and speciÞcity of the in situ EIA for WN and SLE viruses to the VecTest and RT-PCR assays. RT-PCR was included to ensure that specimens processed in commercial VecTest buffer systems could be veriÞed in our laboratory by RNA assay.
Materials and Methods
Experimental Design. We evaluated the ability of three assays to detect one or two infected mosquitoes within a pool of 50 female mosquitoes, our standard pool size. Female Culex tarsalis Coquillett were inoculated intrathoracically with 100 plaque-forming units (PFU) of either the 352611AAF strain of WN virus or the BFS1750 strain of SLE virus. The 352611AAF strain was isolated from a Chilean ßamingo that died in New York during the 1999 outbreak of WN virus and was passaged twice in Vero cells before use in the current experiment. The BFS1750 strain of SLE virus was isolated in 1953 from Cx. tarsalis collected near BakersÞeld, CA, and was at suckling mouse passage 2 when used in the current experiment. Both strains have become laboratory standards and are used routinely in our assays.
Inoculated mosquitoes were maintained on 10% sucrose at 28ЊC from 0 to 11 d and then combined with 48 or 49 uninfected mosquitoes, number coded, and frozen at Ϫ80ЊC. Mosquito pools for routine virus isolation are shipped to our laboratory on dry ice and stored at Ϫ80ЊC before processing, so the freeze-thaw in our experimental protocol is a routine event in the California surveillance program. The Þnal evaluation consisted of 56 pools: 14 pools each containing one female inoculated with WN virus or SLE virus, 14 pools each containing one female inoculated with WN virus plus one inoculated with SLE virus, and 14 pools without a virus infected female (negative control). For each virus, two pools contained mosquitoes held for 0, 1, 3, 5, 7, 9, or 11 d postinoculation that potentially contained increasing quantities of virus. Mosquitoes tested at 3Ð11 d postinoculation approximated the range of titers expected in infected parous females collected in dry ice-baited traps for surveillance. Samples were tested blind, with the number code not disclosed until the end of the initial evaluation. Specimens containing SLE virus were retested by RT-PCR with a second primer set after the code was broken.
Assays. Laboratory methods optimized for detecting SLE virus in mosquitoes (Kramer et al. 2002) were modiÞed for detecting WN virus and for evaluating the VecTest as described below. Pools were triturated in 2.5 ml of grinding solution A provided with the VecTest kit for 1 min on a SPEX mixer mill (Spex CertiPrep, Metuchen, NJ) using four copper BBs, after which the suspension was centrifuged at 5,000 rpm for 10 min. 500 l were then removed for plaque and in situ assay, after which 250 l of solution A and 250 l of solution B containing detergent were placed into each tube to replace the ßuid removed for the cell culture assays. The sample then was shaken again for 1 min on the mixer mill, after which supernatant was decanted into Beckman tubes and centrifuged at 2,000 rpm for 20 min. From this Þnal solution, 250 l was allocated for the VecTest and 500 l was allocated for RT-PCR.
Plaque Assay. Two standard plaque assays (Reisen et al. 1993 , Kramer et al. 2002 were performed on each pool by using 100 l of the original suspension in solution A in separate six well plates. Virus was allowed to adsorb on the Vero cell monolayers for 1.5 h at 37ЊC in 5% CO 2 . Plate 1 was read at 4 d after a single overlay, whereas plate 2 was read after 7Ð10 d by using a double overlay system to account for the rapid and slow growth of WN and SLE, respectively. Plaques were counted to estimate the approximate amount of virus within each pool.
In Situ EIA. The in situ EIA has been used routinely for testing mosquito pools submitted by the California Encephalitis Virus Surveillance Program (Graham et al. 1986 ). Brießy, triplicate wells containing 24-h Vero cell cultures in two separate 96-well plates were inoculated with 100 l of a 1:5 dilution of mosquito pool supernatant and then incubated at 37ЊC with 5% CO 2 for 4 d for WN virus and 5Ð 6 d for SLE virus to allow viral growth. After removal of the culture medium, cells were Þxed in cold methanol, and WN (ATCC VR 82, catalog no. 554-701-562, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD) or SLE (2108 70-24, Arbovirus Research Program, Berkeley, CA) detector mouse antibody was added to the appropriate plate. Monolayers then were washed with phosphate-buffered saline (PBS)-Tween, blocked with casein, and conjugated biotinylated anti-mouse IgG antibody added. Cell sheets were stained with avidin-biotin complex in PBS-Tween, followed by 3,2 diaminobenzidine substrate for color development.
VecTest. Kits were purchased from Medical Analysis Systems, Inc. (Camarillo, CA) and were an extension of the antigen capture EIA assays (Tsai et al. 1987 (Tsai et al. , 1988 ) that we evaluated previously (Kramer et al. 2002) . We used a kit that provided separate grinding (solution A) and wicking (solution B) buffers. In the current study, the Þnal test solution consisted of 2.25 ml of solution A and 0.25 ml of solution B for a Þnal volume of 2.5 ml. Test strips were placed into 250 l of this Þnal solution and then processed per kit instructions (Ryan et al. 2003) .
RT-PCR. If the VecTest was to be used as marketed with a single buffer system, only RNA assays could be used to conÞrm presumptive positives, and these tests would be done on samples prepared with the detergent buffer (a combination of solutions A and B). Therefore, in our blinded comparison, samples for RT-PCR Þrst were treated with buffer B containing detergent. To ascertain the effect of buffer B, selected untreated samples later were run without buffer B in a separate experiment. TRIzol LS (Invitrogen, Carlsbad, CA) was used to extract RNA from 350 l of the mosquitoÐvirus mixture per manufacturerÕs instructions, resulting in 30 l of RNA-eluate. Manual TRIzol extraction would be used if the numbers of positives submitted for conÞrmation were minimal. RNA was transcribed using the One-Step RT-PCR kit (QIAGEN, Valencia, CA) with 1ϫ Q solution and a 0.6 M concentration of virus-speciÞc primers. Primers 8440 forward 5Ј-GGAAAACCCCTGCTCAACTCA-3Ј and 9220 reverse 5Ј-GCCGGGTGCCAACTTCA-3Ј from the NS5 region were created for WN by using DNA Star software (Madison, WI). Two primer sets were used for SLE: 1500 forward 5Ј ATGGGCGAGTATG-GAACAGTTACC 3Ј with 2315 reverse 5Ј CCT-GAACGCTCCTCCGAAAA 3Ј encoding for the E gene and 3353 forward 5Ј-CGTCACTGCGCACAAC-CACA-3Ј and 4216 reverse 5Ј TCGCCGGCCAACTC-CTTTTC 3Ј from ßanking portions of the NS1 and NS2 regions . These primers have been used successfully in recent experimental infection and Þeld research. For WN ampliÞcation, screening primers required 30 min at 50ЊC for reverse transcription, followed by Taq polymerase activation at 95ЊC for 15 min, and then 35 cycles of 94ЊC for 30 s, 57ЊC for 1 min, 72ЊC for 2 min, followed by a Þnal extension of 72ЊC for 10 min.
Statistics. Titers of virus in the mosquito pools were estimated by counting plaques on Vero cell cultures and then adjusting for dilutions to estimate the quantity of virus per milliliter in the original virus pool suspensions. Assays were evaluated statistically for their ability to detect known positives and negatives after the code was disclosed at the end of the experiment. Accuracy was calculated as correct positive and negative assays over the total specimens tested, sensitivity was correct positive assays over known positive samples, and speciÞcity was correct negative assays (without virus) over known negative samples (Speicher and Smith 1983) . RT-PCR evaluations used SLE data from the second primer set retested after the code was broken. 
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Results and Discussion
None of the 14 pools without an infected mosquito tested positive, i.e., speciÞcity equals 1.00. Results from pools containing either one WN virus or one SLE virus-positive mosquito, or both, are shown in Table 1 . Virus was not detected by plaque assay from pools containing females frozen on days 0 or 1 postinoculation for SLE virus and on day 0 for WN. Although females were inoculated with Ϸ100 PFU of virus, pools were ground in 2.5 ml of diluent and then 100 l of this solution was added to each Vero cell culture plate well. If virus was not lost with mosquito debris, then each plate containing a pool with a mosquito frozen on day 0 immediately after inoculation should have received Ϸ4 PFU of each virus. We consider this concentration to be at or below the threshold of detection of our plaque assay and the in situ EIA (Kramer et al. 2002) . WN is a faster growing virus than SLE virus and was detectable by plaque assay in one of two pools after incubating the inoculated females for 1 d.
Rapid growth of WN virus compromised our ability to detect SLE virus in WN-SLE mixed pools by plaque assay or the in situ EIA, because plates were completely overgrown by WN virus when read on day 7 or days 5Ð 6 postinoculation, respectively. The detector antibodies used in our screening in situ EIA crossreacted between these two closely related viruses. Having broadly reactive screening antibodies may be useful operationally, because negative samples can be eliminated rapidly with a single test. During the 2003 surveillance season, for example, 8,560 pools were tested by the California Encephalitis Virus Surveillance Program through 24 October, of which 99.6% were Flavivirus negative: 27 were positive for WN and four for SLE (Arbovirus Surveillance Bulletin #28, California Department of Health Services). A second test was required for virus identiÞcation, but this was less work than running 8,560 duplicate plates.
The sensitivity and accuracy of all assays were reduced by false-negative results for pools containing mosquitoes frozen on days 0 or 1 postinoculation, lowering assay sensitivity (Table 2 ). In addition, initial SLE virus RT-PCR results based on screening primer set 1500 forward -2315 reverse were insensitive (0.43) and inaccurate (0.57), because of two nucleotide mismatches later were discovered in the reverse primer. Only eight of 28 possible SLE virus determinations were scored correctly using that primer set (data not shown). These mismatches were unexpected based on our optimization results by using the Kern217 and COAV608 strains of SLE virus recently isolated from California (Kramer et al. 2002) . RT-PCR assays were redone by using primer set 3353 forward -4216 reverse, with markedly improved results in which 25 of 28 pools were scored correctly (Table 1) ; a single WN virus pool on day 11 with a very faint band was scored incorrectly as borderline SLE positive. These latter primers were from a more conserved region of the genome and accurately detected the BFS1750 strain of SLE virus.
Because most Cx. tarsalis tested for virus infection in California are collected host-seeking by dry icebaited traps, positive pools are expected to contain infected parous females that have incubated virus for Accuracy, correct positive ϩ negative assays/total; Sensitivity, correct positive assays/true positives; and SpeciÞcity, correct negative assays/true negatives.
a Scored by rapidity of growth and strongest antibody reaction. b Based on SLE virus primer set 3353 forward and 4216 reverse; one sample not retested.
Ͼ3 d. Therefore, we recalculated accuracy and sensitivity statistics in Table 2 for pools containing females frozen on days 3Ð11 postinfection (Table 1) . These data resulted in a marked improvement, with accuracy and sensitivity of 0.91 and 0.87, respectively, lowest for the in situ EIA ( The presence of detergent in the VecTest grinding buffer reduced sensitivity in our RT-PCR tests (Fig.  1 ). This reduction in sensitivity was especially noticeable in samples with mismatches for SLE virus primers 1500 forward -2315 reverse. These primers were designed to amplify the envelope region of SLE virus and were based on the MSI.7 strain of SLE virus isolated from a house sparrow in Mississippi during 1975. Previously, we found no differences in sensitivity between these two SLE virus primer sets when detecting recent SLE virus strains from California , and these primers have worked well in our previous evaluations that did not use the BFS1750 strain (Kramer et al. 2002) . Because new SLE strains are introduced repeatedly into California (Kramer et al. 1997 , surveillance programs should remain vigilant to ensure that primers are conserved sufÞciently to recognize introduced or evolving viral strains. Based on our revised results, we are conÞdent that our RT-PCR assay can be used to conÞrm VecTest results, even in the presence of detergent.
In summary, all assays performed reasonably well in our comparative evaluation, but all exhibited limitations. The Vero cell plaque assay worked well to detect virus presence, was sensitive, and had the decided advantage of isolating a wide spectrum of viruses for further characterization. However, viral growth required up to a week for SLE virus and the unknown isolate still required identiÞcation, delaying reporting for up to several weeks. The remaining three assays provided results faster than the plaque assay, but they detected only speciÞc viruses and therefore would miss newly introduced or emerging viruses. Enhanced assay speciÞcity also may be problematic, in that only certain antigenic groups or genotypes may be detected. The in situ EIA provided faster identiÞcation than the plaque assay, but it sacriÞced sensitivity and failed to detect SLE virus in mixed pools containing both WN and SLE viruses. The VecTest designed to detect both WN and SLE viruses worked well, with only a single misclassiÞcation. Although in our hands the VecTest was less sensitive than RT-PCR, sensitivity reported here exceeded previous studies (Nasci et al. 2002 , Ryan et al. 2003 and our previous evaluation of the SLE virus antigen capture EIA upon which this assay was based (Kramer et al. 2002) . Using the current TRIzol extraction and gel detection system, RT-PCR was sensitive and speciÞc, but slower to perform than the VecTest and not suitable for the high- throughput diagnostics required by a large surveillance program. RT-PCR modiÞed for robotic RNA extraction and TaqMan transcription and detection has been shown to effectively enhance specimen throughput (Shi et al. 2001) , although there may be a loss in accuracy (Kauffman et al. 2003b) . We feel that a robotic TaqMan system will provide the most accurate, sensitive, speciÞc, and cost-effective (Kauffman et al. , 2003a diagnostic system. Research is ongoing to evaluate WEE, WN, and SLE virus primers useful in a TaqMan platform against virus strains representative of genetic clades previously found in California and to enhance throughput by bringing on line a multiplex detection system that will detect these viruses in a single assay.
Although each of the individual assays worked well in our evaluation, prudent protocols should ensure that a second assay be performed to verify positive results (Campbell et al. 2001 , Kauffman et al. 2003b ). Optimally tests using antigen or RNA from killed virus should be veriÞed by assays enabling the culture of infectious virus. In the current study, mosquitoes were ground in buffer A provided with the VecTest, which allowed detection of live virus by plaque assay or in situ EIA. However, this solution A lacked sufÞcient protein to preserve the virus and considerable titer (Ϸ2 log 10 PFU per milliliter per sample) was lost during freezing, preservation for 8 mo and thawing (data not shown). It was possible to verify VecTest results using RT-PCR, even after adding buffer B with detergent. ConÞrmation of RT-PCR results by using a second primer set or sequencing also is advisable, especially when virus is new to an area or present at low levels.
